Incorporation of 0.1 to 0.5% of Carboxy Methyl Cellulose (CMC) was investigated to evaluate its effect on the dough development, gas formation or retention properties of wheat flour (WH 542) using Brabender Farinograph, viscoamylograph, Chopin Alveograph and Rheofermentometer. Addition of 0.2% CMC increased water absorption from 59 to 62.4%, degree of softening by 80 BU, gelatinization temperature and pasting peak by 1.5°C, tenacity by 24 mm, surface area by 1.23 cm 2 , maximum dough height by 2.6 mm, time at which maximum height occurred by 11 min, total volume of gas production by 144 ml, retention volume by 227 ml and retention coefficient by 8% as compared to control. There was increase in yield of bread and softness of bread crumb with increase in level of CMC up to 0.5%.
INTRODUCTION
Gums have been used as binding and emulsifying agents in baked goods, confectionary and food beverages (Imeson 1992) and to monitor rheological properties of wheat flour (Sidhu and Bawa 1998; Sidhu et al 1999) . Specific additives have been incorporated as improvers to wheat flour (Kulp 1981; Chamberlain 1981; Stauffer 1990; Knighty 1988; Schuster and Adams,1984; Ravi and Haridas Rao 1995) . One such important agent is gums from various sources (Anderson and Andon, 1988; Klose and Glicksman, 1972; Bayfield, 1958) . Carboxy Methyl Cellulose (CMC) has been used, to stabilise moisture in dough, before, during and after baking (Jaegar 1952) , improve foaming, binding and stabilising properties of dried egg white in baked products (Ganz 1966) , texture in frozen cake (Goodman et al 1968) , yield, structure, crumb tenderness and shelf life of doughnuts (Glicksman 1969) , bread making quality along with emulsifiers (Mettler and Seibel 1993) , and to improve viscoelastic properties of wheat flour dough (Singh et al 1997) . CMC has been used in low calories protein rich formulations (Glicksman et al 1985) as well as for making gluten free bread from rice flour and potato starch (Ylimaki et al 1988) . Considering the wide spread use of CMC, present investigation was undertaken. to determine the effect of CMC on rheological, alveographic, dough development, gas formation and gas retention, baking and firmness properties of bread from flour of wheat variety (WH 542).
MATERIALS AND METHODS

Preparation of Sample
Forty kg of wheat (WH 542) was obtained from Punjab Agricultural University Ludhiana out of the 1996-97 harvest. Sample was conditioned to 14% moisture content for 24 hours and milled using a laboratory mill (Brabender Quadrumat Junior) to get wheat flour of 70% extraction rate. Milled sample was stored in pearl pet containers for further use. Fresh (Tower Brand) compressed yeast was procured from the local market as and when required. CMC was procured from M/S Qualigens Fine Chemicals, Mumbai, India.
Chemical Characteristics
Moisture, total ash, dry and wet gluten, Falling number (Perten, Sweden), Damaged starch and diastase activity were determined according to AACC (1990) procedures. To study the gluten strength SDS-Sedimentation method of Axford et al (1979) was used.
Farinographic Characteristics
Constant flour weight method (AACC 1990) was followed to study the effect of CMC incorporation at 0.1,0.2,0.3,0.4 and 0.5% levels on farinograms using Farinograph (Brabender, Germany). The amount of water required to center the farinogram curve at 500 BU line was measured as percent water absorption (WA).
where x is water added (ml), and y is flour used (g).
Pasting Properties
Brabender Visco-Amylograph was used to study the pasting behavior of the flour (AACC 1990) . Samples (60 g) containing optional ingredients (CMC of 0.1 to 0.5%) were mixed with 450 ml distilled water. The contents were mixed to smooth dispersion, transferred to a Visco-Amylograph bowl, brought to 30°C, then heated to 95°C at the rate of 1.5°C/min, held at 95°C for 15 min and then cooled at the same rate to 50°C.
Alveographic Properties
Alveograph (Chopin, Tripette and Renaud, France) was used to study the effect of interaction between wheat flour and CMC on the parameters like tenacity, elasticity, surface area, deformation energy and swelling index (Sidhu and Bawa 1998) . Chopin Alveograph consists of a mixer, bubble blowing section and a recording manometer. The mixer and tempering unit of Alveograph were maintained at a constant temperature of 24°C and 25°C, respectively. 250 g flour (on 14 percent moisture basis) was taken in the mixer. The requisite quantity of CMC was mixed in a small amount of distilled water separately and added to flour. The 2.5 percent salt solution was added according to water absorption of flour and mixed for 1 min. Then kneading was stopped and with the help of a spatula all the flour particles sticking to the sides were scraped and incorporated into dough within a minute. Mixing was further carried out for 6 minutes and mixer was stopped. A small shutter on one side of the mixer (Resister F) was raised and dough was extruded in the form of a narrow strip. Five pieces of dough were made, leveled on a platform, cut into circular discs, kept in the tempering unit of the instrument maintained at 25°C and relaxed for 20 minutes. The dough pieces were tested individually on the bubble blowing section of alveograph and five super imposed curves were recorded. The measurements were made as follows:
Height of the curve in mm, calculated by multiplying the height of the curve by 1.1. It is an indicator of the resistance to deformation. L:
Length of the curve in mm, gives extensibility of the dough. P/L: Configuration ratio. An indicator of the balance of elastic to viscous components in a dough. p'200: Ratio of p200/P, gives elasticity. S:
Surface area in cm 2 . W:
Deformation work is the mechanical energy in 10 3 erg required to blow the bubble per g dough, calculated by W = 6.54 x S and expressed as 10" 4 joules. G:
Swelling index. It is the square root of the volume of air (ml) used to blow the bubble.
Gas Formation and Gas Retention Properties
The Rheofermentometer (Chopin, Tripette and Renaud, France) was used to study the effect of various levels of CMC on dough development, gas formation and gas retention properties of wheat flour dough. Weighed quantities of fresh compressed yeast (7 g), salt (5 g) and CMC (desirable) were dissolved in small quantities of distilled water separately. Flour (250 g), water (Farinograph water absorption), yeast and CMC were mixed (Dough Development Time) in a laboratory mixer (National Manufacturing Co. Nebraska, Lincoln). The salt solution was added in the dough during the last minute of mixing. The kneading was finished at 30°C into a smooth dough by stretching and folding manually. A portion of the dough (315 g) was placed in the removable basket of the gasometer and a resistance weight (762 g, equivalent to 7.62 g/cm 2 ) was placed directly on the dough. The cover of the vat was fitted with an optical sensor and the test was run for 3 h at 29.5 °C. The following observations were recorded:
Maximum development volume of the dough (mm). h:
Development volume of the dough at the end of the test (mm).
Hm-h/Hm: Percent drop in development 3 h from Tj. Ti: Time (min) at which dough reaches its maximum height (Hm). Hm':
Maximum height of the gaseous release curve (mm). Ti:
Time of maximum gas formation (min). Tx:
Time at which gas started to escape from the dough (min)
Baking Performance
Straight dough method was used in bread making. Breads were prepared after adding 0.1, 0.2, 0.3, 0.4 and 0.5% CMC on the flour weight basis. The ingredients i.e. flour (200 g), water (variable), fresh compressed yeast (6 g), salt (2 g), sugar (10 g) and CMC (variable) were mixed in laboratory mixer (National Manufacturing Co. Nebraska, Lincoln) for 1.5 min and fermented at 30° C and 85% RH in the fermentation cabinet (National Manufacturing Co. Nebraska, Lincoln) for 1 hr 30 min. After punching, second fermentation was carried out for 30 min. Then the dough was mechanically molded and proofed at 30° C and 85% RH for 25 min. Baking time was 25 min at 220°C in a rotary oven (National Manufacturing Co. Nebraska, Lincoln). Loaf volume was measured using rapeseed displacement method of Malloch and Cook (1930) one hour after baking. Evaluation of breads was carried out for crust and crumb characteristics i.e. texture, freshness score and eating quality by a panel of six judges 24 hrs after the preparation as per procedure described by Irvine and McMullan (1960) . The texture was evaluated in terms of softness and freshness on a scale of 1 to 6 with 6 for very fresh and 1 for stale and eating quality as normal or gummy. The unsliced loaves were placed in polyethylene bags, coded and stored at 24° C.
Firmness Measurement
After discarding the two out side portions (approximately 6 cm at each end), the loaves were sliced into 25 mm thick slices and used immediately for measuring firmness on Instron (Model 4464) Universal Testing Machine (Instron Corp., Canton, MA, USA). The rate of compression or crosshead speed was set at 100 mm/min. Flat aluminum plunger with a diameter of 36 mm (1017.9 mm 2 ), was used to compress the 25 mm thick slice. Slices were compressed to a total compression of 40% according to (AACC 1990) procedure. The whole procedure was repeated on three different slices and the firmness values were averaged. The bread firmness measurements were also carried out at 24,48,72 and 96 hrs after baking (Sidhu 1999) .
Statistical Analysis
One way analysis of variance was conducted on the data obtained, according to Steel and Torrie (1986) to evaluate the effect of levels of carboxy methyl cellulose for statistical significance. Least significant difference (LSD) was calculated for the significant effects.
RESULT AND DISCUSSIONS
Chemical Characteristics
Chemical characteristics of the flour indicated that the wheat was medium strong. 70% extraction rate flour contained 0.5% ash, 9.8% protein, 30% wet and 11.2% dry gluten, 34 ml SDS-sedimentation value. The flour also had low alpha amylase activity as revealed by falling number (712), diastase activity (492 mg per 10 g flour) and damaged starch content (5.3%).
Rheological Properties
All the dough characteristics except dough development time (DDT) were significantly affected by the various levels of CMC. The data (Table 1 ) indicated a gradual but significant increase in water absorption by 1.4 to 8.6% with the increase in level of CMC from 0.1 to 0.5% as compared to control. The useful properties of gum are largely due to the physical effects and primarily involve its interaction with water. Gum interacts with protein molecules to provide suspension and solution stability while the viscous and emulsification effects are due to the lipid molecules. By such interactions, gums perform their useful functions related to viscosity, solution stability and suspendability (Glicksman 1969) . The dough development time remained unaffected while stability of the dough and departure time significantly decreased at 0.1% or higher levels of CMC. A significant (p < 0.05) increase by 20 BU and 40 BU in the mixing tolerance index was observed at CMC levels of 0.2% and 0.5%, respectively. The degree of softening increased significantly (p < 0.05) by 20 to 110 BU with increase in level of CMC from 0.1 to 0.5% as compared to control. Valorimeter value decreased significantly beyond 0.2% addition of CMC, thereby indicating an adverse effect with respect to weakening of the dough.
The statistical analysis showed that CMC levels affected all the pasting characteristics significantly (p < 0.05) except peak viscosity and set back on cooling. As evident from Table 1 there was an increase in the gelatinisation temperature and pasting peak with the increase in level of CMC. Viscosity at 95 °C decreased by 10 BU upto 0.3% level followed by a significant increase. Viscosity after 15 min cooking at 95°C and viscosity at 50°C remained unaffected upto 0.4% level of CMC, followed by an increase. The difference in the viscosity values between hot paste and paste cooled to 50°C referred to as the set back value (Beachell and Stansel 1963) and reflects the retrogradation behaviour of starch (Mazurs et al 1957; Nishita and Bean 1979) remained unaffected (320 BU) with the increase in level of gum. A decrease in viscosity of cellulose gum solutions with temperature has been reported earlier (Glicksman 1982) . CMC has water binding and water retention capacity which gives thick gravy with flour-water dough (Midkiff et al 1990) but upon heating CMC released bound water, thus set back remained unaffected.
Alveographic Properties
The data in Table 2 indicated a significant (p < 0.05) reduction in the tenacity (resistance to extension) at 0.3 to 0.5% levels of CMC. Extensibility increased significantly by 17 to 35 mm at 0.1 to 0.5% level of gum. Elasticity of the dough increased and the pressure at bubble breaking point decreased with the increase in level of CMC. A significant increase in surface area by 1.23 to 5.17 cm 2 was observed with increase in level of gum from 0.2 to 0.5% as compared to control which signified increase in baking strength of the dough. The swelling index increased significantly by 1.85 to 3.70 mm with increase in level of gum from 0.1% to 0.5%. The improvement in Means followed by different letter in the same row are significantly different (p < 0.05) dough characteristics with the addition of CMC may be attributed to the higher water absorption (Friend et al 1993; Sidhu et al 1999) , thus helping in increased extensibility, which in turn increased the surface area under the curve, which is regarded as baking strength of flour.
Gas Formation and Gas Retention Properties
The data in Table 3 revealed that all the dough development, gas formation and gas release parameters except the time at which gas started to escape from the dough, were significantly (p < 0.05) affected by the levels of CMC. Maximum dough height (Hm) Means followed by different letter in the same row are significantly different (p<0.05) increased significantly (p < 0.05) by 5.2 mm at 0.3% level of CMC as compared to control, followed by a further increase in height with the level. The development volume of the dough (h) increased significantly (p < 0.05) by 3.9 mm at 0.1% level of CMC, followed by further increase with the level upto 0.5%. The percent drop in development at 3 hrs from Ti decreased significantly (p < 0.05) by 13.1% at 0.1% level of CMC as compared to control followed by a further decrease upto 0.5% level of CMC. The time (Ti) at which dough reached its maximum height (Hm) increased significantly (p < 0.05) by 11 min at 0.2% level of CMC, followed by a further ) showed a significant (p < 0.05) decrease of 5.6 mm at 0.3% level of CMC, followed by a significant (p < 0.05) increase by 6.7 and 11.2 mm at 0.4% and 0.5% level of CMC respectively as compared to control. The time of maximum gas formation (TV) decreased significantly (p < 0.05) by 48 min at 0.1% level of CMC as compared to control, followed by a further increase with the level. The time at which gas started to escape from the dough (T x ) remained unaffected by the increase in level of CMC upto 0.5%. The total volume of the dough increased significantly (p < 0.05) by 90 ml for 0.1% as compared to control, followed by a further significant increase in total volume with levels upto 0.5%. The C02 lost volume decreased significantly (p < 0.05) by 81 ml at 0.2% level as compared to control, with a further significant (p < 0.05) decrease upto 0.5% level of CMC as compared to control. The gas retention volume increased significantly (p < 0.05) by 84 ml at 0.1% level of CMC as compared to control. A further increase in level of CMC upto 0.5% also resulted in a significant (p <0.05) increase in volume over the control. The retention coefficient incresed significantly (p < 0.05) by 8% at 0.2% and 0.3% levels of CMC as compared to control, followed by a further significant (p < 0.05) increase with the increase in level of CMC upto 0.5%. CMC has binding and water retention capacity which gives thick gravy with flour-water dough and helps in more gas retention (Midkiffetall990).
Baking Characteristics
The data in Table 4 indicated that there was a significant (p < 0.05) increase in weight of bread by 3 to 10 g at 0.2% to 0.5% level of CMC. Bread volume increased significantly (p < 0.05) by 75 to 200 ml with the increase in level of gum from 0.1 to 0.5% as compared to control. There was an increase in specific volume and extra yield of bread as compared to control. Texture of the bread remained soft upto 0.2% level of gum and further increase in level resulted in a very soft bread. Bread texture scores remained constant while the eating quality of bread changed to slightly gummy at 0.3% to 0.5% levels due to increase in level of gum incorporation.
Firmness Characteristics
As evident from graph, mean firmness values decreased with the increase in level of gum to 0.5%. Storage resulted in an increase in firmness values, however the storage effect on firmness could be reduced with the increase in level of gum. This decrease in firmness of bread by incorporation of gum could be due to increased water absorption (Sidhu 1999 ) and prevention of movement of moisture from gluten to starch by diffusion, which otherwise is responsible for staling (Hodge 1977) .
CONCLUSIONS
The findings of this study highlight an increase in extensibility, maximum gas formation/retention, extra yield of bread and decrease in firmness with levels of CMC, approved for use as a stabiliser, emulsifier, thickener, suspender, bodying agent or foam enhancer in foods and generally regarded as safe (GRAS) by FDA (Glicksman 1969) . Prevention of food adulteration act (PFA, India) has allowed this gum for use in bread and biscuit industry to monitor the rheological properties of wheat flour and harvest its attractive benefits. It is concluded that CMC can be used at 0.2% level to get acceptable quality bread with extended softness from a medium strong wheat flour.
